Most of Mesozoic bird diversity comprises species that are part of one of two major lineages, namely Ornithurae, including living birds, and Enantiornithes, a major radiation traditionally referred to as 'opposite birds'. Here we report the largest Early Cretaceous enantiornithine bird from north-east China, which provides evidence that basal members of Enantiornithes share more morphologies with ornithurine birds than previously recognized. Morphological evolution in these two groups has been thought to be largely parallel, with derived members of Enantiornithes convergent on the 'advanced' flight capabilities of ornithurine birds. The presence of an array of morphologies previously thought to be derived within ornithurine and enantiornithine birds in a basal enantiornithine species provides evidence of the complex character evolution in these two major lineages. The cranial morphology of the new specimen is among the best preserved for Mesozoic avians. The new species extends the size range known for Early Cretaceous Enantiornithes significantly and provides evidence of forelimb to hind limb proportions distinct from all other known members of the clade. As such, it sheds new light on avian body size evolution and diversity, and allows a re-evaluation of a previously proposed hypothesis of competitive exclusion among Early Cretaceous avian clades.
left dentary. Dentary teeth, like those from the maxillae and premaxillae, are extremely small, with conical, nearly unrecurved crowns similar to those reported in Archaeopteryx (Elzanowski, 1996 (Elzanowski, , 2002 ) and other Enantiornithes (Martin & Zhou, 1997) . Those from the posteriormost section of the tooth row are largely blunt and appear to have wear facets (Fig. 2B ). These morphologies indicate that dentary teeth in the jaw may be in various stages of replacement.
The nasals meet on the midline to exclude the premaxillae from contacting the frontals. At the posterior edge of the maxilla-nasal contact there is a prominent 'U'-shaped facet in the maxilla to receive the lacrimal. A facet of similar morphology is present in Archaeopteryx (Mayr et al. 2005 ) and other non-avian Maniraptora. The jugal is slender and appears to bear a short postorbital ramus preserved abutting the left quadrate. The postorbital is deflected anteriorly, and it is unclear if it contacted the jugal ( Fig. 2A) . The postorbital is relatively elongate, slender and tapering. In these morphologies, it is similar to that of an unnamed enantiornithine juvenile from the Lower Cretaceous of cv, cervical vertebra; dr, dorsal rib; dv, dorsal vertebra; fu, furcula; ga, gastralia; hy, hypocleidium; lco, left coracoid; lfe, left femur; lfi, left fibula; lhu, left humerus; lil, left ilium; lpu, left pubis; lra, left radius; lsc, left scapula; lti, left tibiotarsus; ltm, left tarsometatarsus; lul, left ulna; ma, mandible; mcII, major metacarpal; mcIII, minor metacarpal; mtI, metatarsal I; phII-1, first phalanx of the major manual digit; py, pygostyle; rad, radiale; rco, right coracoid; rfe, right femur; rhu, right humerus; rpf, right pubic foot; rra, right radius; rsc, right scapula; rti, right tibiotarsus; rtm, right tarsometatarsus; rul, right ulna; sk, skull; sy, synsacrum; uln, ulnare; un, ungual.
Spain (Sanz et al. 1997).
A postorbital has also been reported for Protopteryx (Zhang & Zhou, 2000).
*
The anteriormost seven cervical vertebrae are ventrally exposed in articulation. Four posterior cervical vertebrae, also in articulation, lie near the right humerus. A complete arcus atlantis clasps the axis odontoid process (Fig. 3A,B) . Hetercoelous articulations are clearly observed among neighbouring anterior cervical centra (Fig. 3C) while the more posterior cervicals transition into amphicoely. Dorsal vertebrae bear deep lateral excavations and are amphicoelous. Unlike other described Enantiornithes, parapophyses are not centrally located; they are anteriorly positioned. Seven fused sacral and six caudal vertebrae are visible. The anteriormost synsacrum tip is, however, slightly obscured by overlying bone fragments. The pygostyle is elongate with transverse processes fused to each other throughout its length and lacks its distal end. It also has a dorsally projected and mediolaterally compressed blade unlike the more rod-like morphology in some Enantiornithes and in Confuciusornis . Gastralia are present.
The scapula preserves a large, tapering, and recurved acromion unlike any other enantiornithine birds but as seen in several ornithurine taxa (Clarke & Norell, 2002; Clarke, 2004) . Both coracoids, preserved in ventral view, are strut-like and lack procoracoid processes. The lateral margin of the distal coracoid is slightly flared at its sternal end, which may represent an incipient lateral process. The furcula is V-shaped, and has extremely mediolaterially broad clavicular rami with shallow depressions along their posterodorsal surfaces. It preserves an elongate blade-like hypocleidium missing its distal end.
The forelimb is significantly longer than the hindlimb (with a ratio of 1.35: humerus + ulna + carpometacarpus/ femur + tibiotarsus + tarsometatarsus; see Tables 1 and 2 ). The humerus has an oblate, globose head more proximally projected than any other enantiornithine. A ventral tubercle, and a deep capital incisure are developed. The dorsal projection of the deltopectoral crest approximates the humeral shaft width. It is dorsally rather than anteriorly directed. The distal humerus angles markedly ventrally. The ventral condyle is abraded but appears small and nearly terminal as in other enantiornithines and the ornithurine Apsaravis ukhaana *It should also be noted that a putative enantiornithine ' Aberratiodontus wui ' lacks any proposed synapomorphies of Enantiornithes (Gong et al. 2004 ) and is considered to be a possible junior synonym of a previously named ornithurine taxon ( Yanornis ). A proposed postorbital could not be confirmed, and it is excluded from Enantiornithes by the enlarged anterior cnemial crest, for example. an, angular; ar, articular; fr, frontal; ju, jugal; la, lachrymal; lde, left dentary; lma, left maxilla; na, nasal; no, nasal opening; or, orbit; pa, parietal; pm, premaxilla; po, postorbital; qu, quadrate; rde, right dentary; rma, right maxilla; sa, surangular; sq, squamosal; to, tooth. Arrows indicate possible wear facets.
(Clarke & Norell, 2002). The dorsal condyle is orientated at a slightly higher angle from the long axis of the humerus than other basal birds but as in other enantiornithines and Apsaravis . The ulna is markedly longer than the humerus.
The ulnare and radialae are preserved with the ulnare differentiated into dorsal and ventral rami of approximately equal length. Major and minor metacarpals are fused proximally with the semilunate carpal ( Fig. 1 ), but the area of contact with the alular metacarpal is not preserved. No distal fusion is present. The minor metacarpal extends significantly further distally than the major metacarpal, as seen in other enantiornithines (Chiappe & Walker, 2002).
The first phalanx of the major digit is subtriangular with no significant dorsoventral compression. Phalanx III: 1 preserves a well-developed distal articular surface, indicating at least two phalanges were present in this digit.
The pelvis is incompletely preserved. The distal pubis has a facet for a relatively elongate symphysis, as in Confuciusornis , and is terminally slightly flared ( The distal tarsals fuse to each other and to the proximal metatarsals to form a tarsometatarsus. Metatarsals are unfused distally. The anterior surface of metatarsal II bears a prominent midline tubercle (m. tibials cranialis tubercle; see Clarke & Norell, 2002) , as developed in Confuciusornis and within other enantiornithines. Metatarsal IV is more slender than metatarsals II and III, while II is expanded distally. This condition, while originally identified as a synapomorphy of Enantiornithes, has a broader distribution in basal birds (e.g. Confuciusornis ) and non-avian theropod outgroups. All unguals preserve impressions of their keratinous sheaths and are strongly curved. In digit II, phalanx 1 is shorter than 2, and its ungual is slightly larger than those of the other digits. No feather impressions are preserved.
Phylogenetic results and body size comparison
Phylogenetic analysis identifies Pengornis as a basal divergence within Enantiornithes ( Fig. 4 ; Appendices 1 and 2). Three unambiguously optimized characters are found to support enantiornithine monophyly: two furcular features (posterior or dorsal excavation of the rami and presence of an elongate hypocleidium) and the distinctive scapula-coracoid articulation (Characters 82:2, 83:1, 87:1; Appendix 1). The scapula-coracoid articulation is the only character of these three so far unknown outside Enantiornithes and is unfortunately not exposed in Pengornis . Of these three features only an elongate hypocleidium is visible in Pengornis , although it exhibits several additional morphologies with a restricted distribution that represent previously proposed synapomorphies of the clade (e.g. metatarsal IV narrow, and minor metacarpal longer than major metacarpal; Chiappe & Walker, 2002 ).
An increase of only four steps from the most parsimonious tree length of 469 steps is required for Pengornis to be placed closer to Ornithurae rather than as a basal enantiornithine. Moreover, it only requires an increase of two steps for Protopteryx (Zhang & Zhou, 2000) to be so placed. If Pengornis was found with increased character and taxonomic sampling to be closer to Ornithurae rather than part of Enantiornithes, an array of characters found to diagnose Enantiornithes would be ambiguously optimized or as ancestral to a more inclusive avian clade.
Enantiornithes has the lowest bootstrap and Bremer support values of any recovered node (Fig. 4) 
Discussion
Pengornis significantly alters the distribution of characters considered uniquely diagnostic of Ornithurae. A globose humeral head, present in all extant birds, has been considered to diagnose Ornithurae and unambiguously optimized as having a single origin in the ornithurine stem lineage (Character 107:1). With the discovery of Pengornis , it is reported for the first time in Enantiornithes and currently optimized as convergently evolved in that taxon. A hooked acromion process on the scapula, which is prominent in Pengornis , is previously known only within Ornithurae as well (e.g. Lithornithids, Apsaravis and Hongshanornis ). The heterocoelous articulations in the anterior cervical vertebrae of Pengonis (Fig. 3) . Independent evolution of these proportions is currently indicated in the phylogenetic analysis. The newly overlapped distribution of humerus/ ulna proportions in Early Cretaceous stem Ornithurae and basal Enantiornithes does not support the proposed exclusion of the former from niches by enantiornithines such as had been hypothesized from these ratio differences (Nudds et al. 2004) . Similarly, with the discovery of Pengornis , a largebodied Early Cretaceous enantiornithine, the body-size distributions for the clades now also overlap significantly.
Although future discoveries could support competitive exclusion of stem lineage ornithurines by enantiornithines (Wang et al. 2005; Zhou & Zhang, 2006 , 2007 , the morphology preserved in Pengornis , based on both proportional and absolute size metrics, casts doubt on the validity of this hypothesis during the Early Cretaceous. Moreover, Pengornis impacts our understanding of morphological evolution after the origin of flight. It confirms that cranial morphologies optimized as ancestral for Aves are retained in basal Enantiornithes and further increases ambiguity in support of a monophyletic Enantiornithes as currently recognized. 
